S TA1'HYLOCOCCAL bacteremia with or without endocarditis is as great a threat to life today as it was before specific aniibacterial treatment was available. The numerous instances in which cures have been effected by the administration of one or more of the potent antibiotic drugs do not belie this stateiiient. Soon after penicillin and other effective antistaphylococcal drugs were put into general use, there was a dip ill mortality statistics which seemed aii encouraging harbinger of the expected trend. Since 1948, however, the death rate has in most clinics approached that which existed before the antibiotic era. This apparent failure of current therapy to reduce mortality appears to be due to the increased incidence of bactereinia and enldocarditis inl already diseased persons rather than to an alteration in the character of the organism.1 To appreciate the nature of the problem of staphylococcic bacteremia as an infection in older and often severely debilitated patients ais well as in the young, it is necessary to consider the nature of both the organism and the ).atient. hemolytic streptococei.2 While all staphylococci may cause serious infections, some are ialore virulent than others. The distinguishimig features of these pathogenic strains were once considered to be the appearance of a ring of hemnolysis around colonies growing on blood agar, and the production of a golden pigment.
These are helpful but not entirely dependable criteria. The ability of the staphylococcus to produce coagulase is now regarded as the single most important indication of pathogeimicitv. It is demomist!-ated by the development oa coaruluiin inl fresh humail plasma after several hours' incubation with organisms from a 24-hour eulture. The precise relation of (oagulase to pathogenicity or virulence is uni-(lefiled. Ranmmelkamp and Lebovitz3 recently proposed that coagulase was of importance in imodifying the host response to staphylococcal invasion. They suggested that coagulase, ill action with reacting factor, was responsible for localizing infection and observed that infants, normally deficient in reacting factor, tvere not so capable of discrete abscess formation as adults. It is more generally believed that coagulase enhances the virulence of staphylocoeci by protecting them against the action of normal serum bacteriocidins and against phagoeytosis. 4 Staphylococei that would not survive after entrance into the blood stream without coagulase can proliferate in its presence.
All pathogenic strains elaborate one or more of the many staphylococcal toxins or enzymes. In addition to hemolysins of 4 antigenically distinct types, staphylokinase, dermonecrotic toxill, eiterotoxin, erythrogenic toxin, hyaluronidase, fibrinolysin, and a leukocidin are this is not so true of the others. Their in vitro behavior is measurable but their aetual mechanism of action in clinical infection is not clear. Staphylococei obtained from enclosed abscesses produce both staphylokinase and hemolysins in uniformly high titer. Coagulase-positive strains from healthy carriers in the hospital vary in toxin production but are nevertheless more toxigenic than those obtained from people outside the hospital area.;5
The more highly toxigenic strains are apparently better able to establish themselves in normal tissues than others. While coagulase productivity is a way by which pathogenic strains in general can be separated from saprophytic ones, further gradations of potential virulence can be determined by the number and amount of the specific toxins they elaborate.
Although the various toxins are antigenic, their antibodies have at best a limited protective capacity. The course of acute infection ill experimental animals was altered by the administration of anticoagulase antibody but the eventual fatal outcome was only delayed. horse serum containing antibodies against the helnolysins, the lethal toxin, and possibly others, has been used in the past to treat infection in man, with occasional cures of cases of meningitis, pneumonia, and osteomyelitis." There were, for example, 6 cases of meningitis with 4 recoveries. However, less favorable results have been observed by others, suggest- ing that antitoxins are of uncertaimi value in treatment of infections. Antibody formation does not occur in localized staphylococcal infections such as furunculosis in human beings, even when repeatedly due to the same strain. This has been attributed to the limited permeability of the abscess wall, which prevents the release of whole antigens into the circulation.1 1Penicillinase (perhaps a natural endowment of the organism from prehistoric times), is produced by some coagulase-positive staphylococci. As a specific penicillin-splitting enzyme, it does not account for resistance to other antibiotics; strains producing it, however, are more readily capable of acquiring resistance to other drugs. for as long as a year after discharge.1' The reservoir from which staphylococcal infections may be drawn is a large one, and the greatest concentration of organisms is in those areas where the most vulnerable people are to be found.
Despite antibiotic prophylaxis and treatinent an increase in the number of postopei-a-tive wound infections has been observed in many surgical wards. It was found that simple although rigidly enforced antiseptic technics in dressing wounds wlas followed by a significant reduction in the numnber of these infections. '2, 13 There was also a decrease in the number of staphylococcal carriers among the attending hospital personnel, and when the antibiotic prophylaxis of clean surgery was discontinued, it was found that fewer of these staphylococci were penicillin-resistant.
Whether (5) those in which all symptoms are masked by a co-existing disease or suppressed by therapy administered in treatment. The manifestations of the infections range in degree from mild to fulminant.
1. Symptoms Predominantly of Primary Infection. Patients with staphylococcal pneumoinia, meningitis, osteomyelitis, or other severe though localized processes normally have, in addition to the specific symptoms of these infections, high fever, leukocytosis, and rapidly developing anemia. They are often prostrate. Bacteremia is a common complication of each of these infections and may develop silently. The temperature often rises, the pulse rate becomes more rapid, and the patient may seem more gravely ill, but there is no more than aii intensification of existing signs and symptoms.
If no treatment is given, or if it is inadequate, metastatic suppuration occurs or death follows a rapidly mounting fever and falling blood pressure. Given early enough, antibiotics can prevent bacteremia as a complication, or they can reduce the incidence of sepsis secondary to it (table 2). However, during the period before either of these occurs the presence of bacteremia may go undetected unless blood cultures have been obtained. Siiice this early phase of blood-stream invasion may last for days before specific signs of it are detectable clinically, recognition of its likelihood during any severe though localized infection is essential for its effective treatment.
While patients of any age may develop these serious staphylococcal infections of the lungs, meninges, or bone, it is usually in the very young or very old that the time interval between the development of this complication and death is shortest, and delay in the institution of specific therapy is most often disastrous.
2. Symptoms due Primarily to Bacteremria. The majority of patients with staphylococcemia probably belong in this category. Often, the source is a minor infection or an injury with only local discomfort. The entrance of micrococci into the circulation in these eases is usually accompanied by dramatic physical changes. The course of bacteremia may be subacute, acute, or fulminating. A small iumnber of patients in all age groups (although most are derived from the extremes of youth and age) have an explosive illness, beginning and ending in the space of only a few days. The onset may be signaled by an abrupt chill with temperatures rapidly rising to 104 degrees and higher; diffuse muscular pains ofteni follow. Soon. sometimes in hours, the pa-tient is prostrate, exhibiting changes in the sensorium ranging from confusion or somnolence to coma. Infants occasionally exhibit a peculiar pallor associated with rapid respirations and tachycardia. Adults, on the other hand, display either no visible color change or show marked facial suffusion. The blood pressure is at first maintained but soon falls, rarely to be revived. Terminally, purpuric lesions may appear on the skin and are found in some cases to be associated with hemorrhage in the adrenal parenchyma. Widespread lesions may be demonstrated'at postmortem study in such cases, but the course of the disease is so swift that they are rarely manifested openly.
The majority of patients, though severely ill, are not so rapidly devastated. As in the preceding group the onset of bacteremia is sudden, with fever and chills or chilly sensations predominating at first. Soon afterwards, the patient feels sick and often has moderate to marked pain in the larger joints without swelling or local tenderness. There are often diffuse muscular aching pains, persistent headache, sweatiness, and loss of appetite or actual nausea and vomiting. But for the fever, there are no physical changes other than those associated with the underlying infection. Fever in this group, while characteristically high, may vary from sustained high temperatures to a swinging "septic" pattern and uncommonly is observed to be intermittent. In a number of patients symptoms may persist without change for a week and occasionally longer before other evidence of bacteremia develops.
A small group of patients have only mild symptoms and signs produced by the intermittent release of small numbers of staphylococci into the circulation. Low-grade fever with a normal diurnal curve is observed in association with inilder variants of the symptoms presented above; anorexia, insomnia, and slight general discomfort without localization are also common. Symptoms of this type have been known to persist for as long as 4 or a months before a diagnosis could be established, even without antibiotic suppression. Cardiac involvement complicating bacteremia is a serious complication primarily be- STAPHYLOCOCCAL ENDOCARDITIS "Acute infective" or "ulcerative endocarditis," usually the result of staphylococcal valvulitis, connotes a rapidly progressing destructive lesion on the heart valve with acute onset of fever and even prostration, and an early fatal outcome.34 Occasionally staphylococcal infections of the endocardial surfaces may be quite slow in their evolution and produce few symptoms other than occasional fever for periods of months. The acute disease may be converted by suppressive antibiotic therapy into a subacute process.
Two features of staphylococcus endocarditis are of particular importance, i.e., the propensity of the organism to invade normal heart valves, and the frequency with which only the right side and particularly the tricuspid valve is involved. While antibiotics are responsible for reducing the incidence of pneumococcal or gonococcal endocarditis, both of which may involve undamaged valvular surfaces, they have not so affected the incidence of staphylococcal infection.
Pathogenesis of Endocarditis
Bacteremia from any site may lead to endocarditis. Bacteremia need not be prolonged as in prostatic surgery complicated by endoearditis, nor need it be massive; pharyngitis may be complicated by bacteremia and endocarditis, particularly if there are underlying valvular deformities.
In the presence of focal deformities of the heart valves, septa, or immediate outflow tract, there may be abnormal turbulence and associated endocardial fibrosis which enhance the likelihood of bacterial sequestration. 35 This may effectively reduce the length and intensity of exposure necessary to produce endocarditis.
Over half the reported cases of staphylococcal endocarditis occurred on previously damaged valves (table 4) . The type of deformity varies somewhat with the age of the patient; thus congenital lesions are far more likely to be present in younger patients, while as age increases the incidence of rheumatic heart disease, arteriosclerosis, and syphilitic aortitis becomes greater. The mean age of patients with underlying congenital heart disease was 20 years, and for patients with rheumatic heart disease, 44 years.30 3 In a series of 173 cases of all ages the incidence of congenital lesions was 6.9 per cent. 17 died of overwhelming infection, while only 1 died as a specific result of endocardial involvement. The remainder succumbed either to emboli to the brain or lungs or to other severe underlying diseases. The importance of Thayer's description is in its emphasis that the majority of the signs and symptoms of endocarditis are those associated with bacteremia and it is often not until late in the course of the infection that the specific valvular lesions produce recognizable abnormalities. One result of antibiotic therapy, even when unsuccessful in salvaging life, has been to prolong the course of the disease long enough for these abnormalities to develop. While the major clinical features of endocarditis are similar to those already cited for bacteremia, certain of them suggest the diagnosis of endocarditis. There are also important differences between this type of endocarditis and that produced by such less invasive organisms as Streptococcus viridans.
The onset of symptoms of infection may antedate changes due to valvular involvement for as short a period as a day or for as long as several weeks or even months. Important manifestations, however, may appear quite rapidly. Suddenly appearing fever followed quickly by heart failure and the development of an aortic diastolic murmur is not infrequent in endocarditis. Earlier writers have stressed the importance of a pericardial friction rub and embolic phenomena in the skin, joints, or lungs as important evidence of endocarditis,29 34 but none of these complications depends on the presence of valvular infection for its production. As with any kind of endocarditis, the most important diagnostic criteria are the development of a murmur of any type (including the addition of new heart murmurs), embolic suppuration, and the demonstration of bacteremia. Anemia and splenomegaly are usually not present at first, but either may develop rapidly. Clubbing of the fingers does not occur.
It has been observed that a peculiar syndrome frequently suggests the diagnosis of endocarditis in infants.36 It consists of pallor with tachypnea, intermittent cyanosis and fever without evidence of pulmonary disease or obstruction sufficient to account for these changes. Pallor alone, of course, has been observed in infants with staphylococcal pneumonia or other overwhelming infections.
Occasionally, specific metastatic complications of endocarditis help in making the diagnosis. Arterial obstructive lesions in such major vessels as the axillary or popliteal arteries, or in such smaller ones as the dorsalis pedis, indicate large emboli probably from the heart. Massive pulmonary infarcts or repeated small ones suggest, though less reliably, embolization from the right heart. Cockayne37 described a woman who was perfectly well until chest pain and vomiting suddenly occurred and were followed within the next seven days by arterial emboli to a foot, one hand, and the nose. She died on the seventh day because of a pulmonary infarct, and had a large aortic vegetation. There 
